This study investi gated the modeling of variably saturated fl ow and Ni transport in fractured rocks at a site (Altamura, southern Italy) polluted in 2001 by unauthorized sludge waste disposal. Time-lapse electrical resisti vity tomography (ERT) and infi ltrometer experimental results were used to constrain near-surface boundary conditi ons in an unsaturated fl ow model. A plasti c ring was used as an infi ltrometer because its experimental setup is very versati le and adaptable to many diff erent geological conditi ons, taking into considerati on irregulariti es in the soil and rock surfaces. The proposed methodology allows switching from the tomography to the map of water pressure contour lines obtained by the model by making the ti me-lapse ERT an eff ecti ve tool to reduce computati onal uncertainti es. Simulati on results predicted both the concentrati on and the residence ti me of the Ni in the vadose zone of the Altamura site. These results were used to successively investi gate the horizontal Ni transport into the deep fractured aquifer. Simulati ons provided apparent Ni pathways in the groundwater and expected concentrati ons in a downstream well, placed 10.9 km from the contaminati on sources. The agreement of the results with the sampling data collected has confi rmed that the groundwater was polluted for 16 mo by Ni. The contaminati on plume started during the winter of 2004 and moved in the groundwater toward the sea at an average velocity of 10 m/d.
Abbreviati ons: ERT, electrical resisti vity tomography.
The monitoring of hydrologic processes within the vadose zone is usually diffi cult, especially in the presence of compact rock subsoil. Geophysical methods, however, can be used in many cases for monitoring purposes at a large scale because they are easier to implement and cost eff ective when compared with conventional monitoring techniques. Water fl ow in fractures is usually characterized by scale dependence and by a marked anisotropy (Neuman and Di Federico, 2003; Wishart et al., 2008) . Th is implies that permeability estimations of the same fractured rock formation may produce diff erent results when the volume of rock considered during fi eld measurements is changed or when measurements are performed in diff erent directions of imposed radial fl ow during injection tests. Th is is demonstrated by the diff erence in fractured rock permeability values between laboratory and fi eld scales (Clauser, 1992) . Furthermore, Faybishenko (1995) showed that entrapped air in the subsoil may cause large temporal and spatial variations in both hydraulic conductivity and water retention properties, making fi eld estimation by means of infi ltrometers a serious issue for hydrogeologists. Despite the vast amount of existing literature on fractured rock hydrogeology, there are few direct measurements of fi eld saturated hydraulic properties of fractured limestone. Moreover, these measurements of permeability are aff ected by a large local variability. For instance, double packers in boreholes produce a diff erent permeability depending on whether or not the packer interval includes a fracture zone.
In this study, a mathematical model was used to fi t data collected during infi ltration tests on rock outcrops to limit the uncertainty in the estimates of fi eld saturated conductivity. Many applications of mathematical models to solve the inverse problem can be found in the literature (e.g., Shavit and Furman, 2001) . A model including surface-loading eff ects was also applied to the natural groundwater recharge in a hard rock aquifer in Sweden (Rodhe and Bockgård, 2006) . Th e model applied in the present work utilizes fi eld data obtained by coupling a ring infi ltrometer test with ERT, a technique that has found numerous recent applications for vadose zone characterization (Binley et al., 2002; Schwartz and Schreiber, 2009; Rucker, 2009; Cassiani et al., 2006; Kemna et al., 2002) with data collected in a time-lapse mode. Electrical resistivity tomography, in particular, has allowed the visualization of water percolation during an infi ltrometer test by recording changes in electrical resistivity with time. In this way, it is possible to defi ne the depth and shape of the We couple plasti c ring infi ltrometer tests with ti me-lapse electrical resisti vity tomography (ERT) to address model simulati ons of variably saturated flow and transport of Ni in fractures. We link tomography to the water pressure in rock by making ERT into an eff ecti ve tool to reduce model uncertainti es at a contaminated site (Altamura, Italy).
